Present endeavor is devoted to estimate the air-conditioning and heating energies or loads of modern buildings in Duhok City, Iraq using new mathematical models. Many parameters have been considered in current modeling, namely, area of building, number of storeys and types of the common materials of the building walls. Regression analysis is performed to formulate new mathematical linear and nonlinear models for the loads. In addition, Fuzzy logic is utilized in the third model employing Sugeno's regulation. The outcomes reveal that the reasonable matching is achieved between the proposed models and mechanical engineering analytical solutions of heating and airconditioning standards. Consequently, high correlation coefficient as more than 85% is determined between the predicted values of the models and analytical results. The linear model shows perfect matching with the analytical outputs more than the other proposed mathematical formulations.
INTRODUCTION
The quickened urbanization in human living styles has increased the demand for electrical energy or power utilized in buildings (Chaowen and Dong, 2015) . Airconditioning system in building is accounted for 40%-60% of the total electrical power consumption (Scotton, 2012; Wu, 2012 ). This energy consumption is affected by the materials used in building construction based on their heat transfer (Committees et al., 2009 ). The estimation of the required energy for air-conditioning and heating systems in developing countries such as Iraq is essential strategy due to the limitation of energy cost and global warning phenomenon (Housing, 2012; Joudi, 1996) . Nowadays, tedious methods are used to predict the required energy for air-conditioning and heating loads in buildings. Accordingly, many parameters must be taken into account in these methodologies such as the type of constructional materials and their coefficients of heat transfer, outdoor and indoor temperatures and humidity, number of occupants (persons), lightening, etc (Committees et The formulation of simple mathematical models to evaluate air-conditioning and heating loads of buildings is necessary to be used in lieu of aforementioned ponderous methods. The proposed models should be compatible with the modern commonly used materials in construction and latitude of the building location. There are still no remarkable easiest mathematical models proposed for consumed loading for airconditioning and heating of buildings in Duhok City, Iraq. Thus, further investigations in this direction are essential to include the effect of the commonly used building materials and recent outdoor temperatures in this region. The main objectives of the current work involve the formulation of new simple mathematical models in order to compute the thermal energy required for air-conditioning and heating systems of buildings in Duhok City, Iraq. Different shapes of common multistory buildings are considered, namely, frame and bearing wall buildings, in addition to various local masonry materials are such as heavy solid concrete block, hollow concrete block, siporex and clay brick. Statistical and computational approaches in SPSS and MATLAB softwares are utilized as multiple linear regression, nonlinear regression and fuzzy logic. Linear regression functions, nonlinear regression functions and fuzzy model are proposed to facilitate the solution of air-conditioning and heating loads with realizing the required accuracy.
METHODOLOGY
The methodology of present investigation is composed of two parts, data collection of heating and airconditioning loads, which are required for modeling and analyzing the data to formulate new mathematical models for prediction the loads.
Calculation of Heating and Air-Conditioning Loads
Heating and cooling thermal energies required for airconditioning and heating systems of many multistory buildings in Duhok City are computed using mechanical engineering specification (Kreider et al., 2009 ). The diversity in the height and area of the building as well as type of common constructional masonry materials were considered. The design of the study depends on the recent extremes of the local high and low outdoor temperatures at Duhok City. Three plans of buildings (Figs. 1-3) are utilized in the current study. The properties of the selected buildings with these plans are given in Table 1 . Two forms of multistory buildings are considered in the analysis, frame building and bearing wall building. In Duhok City, the modern buildings are featured by average maximum height of 10, 4 and 2 storeys for frame buildings, bearing wall buildings and ordinary residential buildings, respectively. This range of height was applied in present mathematical modeling of heating and cooling system load of buildings. The direction of the buildings with respect to the north is illustrated in Figs. 1-3 . It is expected that the required energy for cooling these buildings is more than for heating due to high outdoor temperature record in Duhok City with latitude of 36.9oN. Nowadays, different building materials (see Table 2 ) are widely used in Duhok City for walling construction to decrease the consumption of air-conditioning and heating in buildings. The effect of these wall materials is considered on present energy consumption modeling. In current thermal energy determination, a proper set of conditions is introduced such as solar influences, outdoor and indoor temperatures, building function and humidity. The calculation of heating load is performed with consideration of critical design temperature corresponding with slight or no heating from solar radiation. Consequently, the outdoor temperatures per each hour (see Table 3 ) of the recent coldest day (29/Jan/2016) were obtained and used in the current findings. The critical design temperatures of cooling were chosen from the recent warmest day (20/July/2016) in Duhok City. The hourly temperature recording of these days is tabulated in 
where is cooling load for walls, is cooling load for ceiling, is cooling load for persons, is cooling load for ventilation and infiltration, is cooling load for lightening, is cooling load for equipment and furniture, is cooling load for windows and is cooling load for floor. The heat transmission through walls is highly affected on the air-conditioning load during summer due to the difference between outdoor and indoor temperatures. This external heat gained through walls is determined using thermal conductivity of these walls. The present buildings were built by walls with section shown in Fig.  4 . The unit thermal resistance of the wall (1/U) can be computed as (Jones, 2005) :
where U is the unit conductance (overall heat transform coefficient) in W/m2.K or kcal/m2.h.oC, ∆x i is thickness of iconstructional layer which form the wall as given in Fig. 4 , h i and h o are the coefficient of heat transfer for air film inside and outside the wall in W/m2.K respectively, k i is the thermal conductivity coefficient for i material within the wall section and n is the number of constructional layers within the wall. 
is the area of walls exposed to outdoor temperature in m2, ∆ is the difference between indoor and outdoor temperatures with consideration of the correction factor to compensate the solar temperatures on the buildings as (Housing, 2012):
where is the correction coefficient for the latitude and month, is the correction coefficient for wall color, is the cooling load temperature difference, and and o are the design indoor and outdoor temperatures respectively.
temperature is equal to 24oC and o = − /2 where is the daily range of outdoor temperature within 24 hr. The heat gain for the ceiling, which is exposed to external temperature has been calculated in the cooling load as (Housing, 2012) :
is the ceiling unit conductance (W/m2.K) for widely used ceiling section (Fig. 5 ) in Duhok City, is the area of roof exposed to outdoor temperature in m2, ∆ is the difference between indoor and outdoor temperatures with consideration of correction factor for ceiling to compensate the solar temperatures on the buildings as (Housing, 2012) :
where is the correction coefficient for roof, is the correction coefficient for roof color = 1.0, is the cooling load temperature difference and is a factor equals 0.75 for roof with fake ceiling or suspended ceiling as in present study. . ∆ (7) where is the floor unit conductance in W/m2.K for widely used floor section (Fig. 6 ) in Duhok City, is the area of floor exposed to outdoor temperature in m2and ∆ is the difference between indoor and outdoor temperatures. The external heat gain by the plastic doors can be overcome with air-conditioning using the following expression (Housing, 2012): = . . ∆ (8) where is the door unit conductance of 4.66 W/m2.K for widely used door section in Duhok City =, is the area of the doors exposed to the outdoor temperature in m 2 and ∆ is the difference between indoor and outdoor temperatures as used for walls in oC. Glass windows induce heating gain in two effects, namely, radiation and transmission. These effects are considered in present cooling load calculation as follows (Housing, 2012) : 
where is the windows overall heat transfer coefficient of 4.71 W/m2.K, is the area of glass in m2, is the shading coefficient, is the solar gain and is the cooling load factor for time. The cooling load for ventilation and infiltration is represented as a part of internal heat gain and given as (Housing, 2012): = + 1 (11) and = 1.22
where and 1 are the sensible load and latent load by infiltration and ventilation in W respectively, and are the average air discharge and and i are outdoor and indoor relative humidity in percent respectively.
can be calculated as:
where /person is the required amount of air ventilation per person. Number of persons = 8 per each unit (i.e. the maximum number of persons for most apartments or residential units in Duhok City).
= .
/3600 (15) where is the number of air change which is dependent on the function of building = 1.0 in present study. The occupants cooling load (CLP) is regarded as internal heat gain. In present work, this load is calculated as (Housing, 2012) :
where /person is the sensible average heat provided by a person depending on his/her activity and equal to 72 W, 1 /personis the = latent average heat provided by a person depending on his/her activity and equal to 60 W, is the coefficient of cooling load per person and is the number of persons and equal to 8. The cooling load needed to overcome the heating gain of each equipment depends on its efficiency. In present investigation, an approximate magnitude of this load per unit meter square of area is utilized as 6.8 W/m2 (Committees et al., 2009 ). The radiant heat from lightening is introduced in the thermal load of cooling system as (Housing, 2012):
where is the number of lights, is the power of light (W/m2) and is a factor of 1.0 and 1.2 for normal lights and fluorescent, respectively. In present study, CLL has been found using 25 W/m2 for lightening as given in (17) . The thermal energy (HL) for heating system of buildings can be determined in W as (Housing, 2012): Table 4 and Table 5 ). Four types of common constructional materials of walls are considered for these buildings. The utilized procedure in this energy calculation is tedious due to the consideration of many abovementioned factors in the mechanical engineering standards. 
MATHEMATICAL MODELING
The calculated data for cooling and heating loads (Table  4 and Table 5 ) have been utilized in current models formulation. The simplicity and efficiency are considered in model proposition. Three expressions are adopted for these mathematical models, namely, linear regression, nonlinear regression and fuzzy logic models.
Regression Models
The regression analysis method is usually used to predict a variable as a function of the other parameters 1 , 2 , … , The main difference between multiple linear and nonlinear regression functions is that the linear regression function is simultaneously linear with respect to unknown constant parameters , while nonlinear regression function is not. In present mathematical modeling, the equation of heating load (QH) and cooling load (QC) are formulated depending on the regression analysis of aforementioned energy outputs. In addition, two input parameters were taken into account, namely, floor or constructional area of the building and number of storeys as listed in Table 1 
Nonlinear regression models for heating and cooling loads are also formulated using expression (34) with parameters 4 and 5 . = 4 ( 1 2 ) 5 (34) The unknown parameters in the proposed nonlinear equations were determined by a popular least squares method too. Thus, the summation of total errors between predicted values of load, calculated by proposed equations and found by analytical method is minimized. Accordingly, eight equations (i.e. Eqs. (35) (36) (37) (38) (39) (40) (41) (42) ) are formulated using nonlinear regression analysis in SPSS statics 20 software for the given data in Table 4 as follows : (42) The statistical analysis has been carried out in SPSS software to find the significance of the coefficients in proposed mathematical models. In these models, 95% confidence interval (upper and lower bounds) of each coefficient was determined. Consequently, it is demonstrated that all parameters are located within this interval, which confirms their significance in the proposed equations. The accuracy of the aforementioned proposed equations for cooling and heating system of buildings is checked via the difference between model predicted outputs and analytical outcomes (Table 4 and Table 5 ). Thus, the validity of these models has been demonstrated in terms of coefficient of determination (
2 ) and root mean square deviation (RM) as (Korolija et al., 2013):
where RSS = residual sum of error squares, TSS is the total sum of error squares which is proportional to observed data variance, is the observed data (loading in W), ̅ is the mean of the whole observed data set (i.e.
̅ = ∑ =1
), ̂ is the predicted data by proposed models (loading in W), is the number of samples in the data set ( = 16 in the present work) and is the mean square error. The adjusted coefficient of determination ( 2 ) is computed as well to show the strength of the proposed mathematical models with respect to the used parameters within each model as (Souza et al., 2013 ) :
where, is the number of parameters or coefficients in the proposed model. The coefficient of determination and adjusted coefficient of determination for the proposed heating and cooling loads are determined as listed in Table 6 . Reasonable matching is observed between the predicted load values and those found by analytical method according to high coefficients of determination that are approximately equivalent to one. 
The AIC values for the current proposed mathematical models are given in Table 7 . Lower values for AIC are achieved with using linear models. 
Fuzzy Logic Models
Sugeno fuzzy logic approach is computationally more efficient than the Mamdani fuzzy approach and copes well with adaptive techniques and suitable for modeling nonlinear systems (Negnevitsky, 2005) . In present mathematical modeling of heating and cooling energies in W, the Sugeno fuzzy logic approach has been used with constant output membership functions. Rules were employed to connect the inputs and output of fuzzy model using weighted output level. Consequently, the final output of the logic system is the weighted mean for all rules outputs as given hereunder (Sugeno, 1985) :
where is the output level, is firing strength of the rule and is the number of rules. In present fuzzy mathematical models for heating and cooling system loads, two inputs have been used, namely, the area of building floor and number of storeys. Each input is represented by three linguistic variables. These linguistic variables (i.e. Small (S), Medium (M) and Big (B)) with triangle memberships functions (see Figs. 7 and 8) are utilized for the inference mechanisms. Here, triangle membership functions are used because they can offer good representation of the expert knowledge and significantly simplify the process of computation [43] .
Fig (7) : Membership functions for buildings floor area (input 1) for present Sugeno fuzzy model
The output follows zero-order Sugeno mathematical model (constant). Nine constant functions are utilized per each output model with different constant values. Fuzzy logic toolbox in MATLAB has been utilized to predict the loading for cooling and heating system of the selected buildings. The outputs are computed with present fuzzy models in terms of heating and cooling loads in W for the adopted buildings in Duhok City as given in Table 8 and Table 9 . The validity of these models is checked via calculation of RM and R2 of the outcomes as listed in Table 10 . The difference has been computed between the outcomes of current fuzzy models and analysis outputs for air-conditioning loading (see Table 4 and 5). It has been found that all fuzzy models have considerable coefficient of determination larger than 85%. It is worth to mention that the adjusted coefficient of determination is not applicable to fuzzy models. 
Comparison among the Proposed Mathematical Models
The outputs for aforementioned linear, nonlinear and fuzzy mathematical models are compared to analytical outcomes of cooling and heating loads of the selected multistory buildings. The comparison has been performed with employing histograms in SPSS statics 20 software. The abscissa in this diagram is referring to the ratio of model output and analytical outcome; while the ordinate is representing the frequency of the xvalue. The model with good x-mean, which is closest to unity and lower standard deviation, is regarded as the best choice. In present study, sixteen buildings are considered per each walling type. Accordingly, 128 loading values are determined with linear, nonlinear and fuzzy models with consideration of both heating and cooling loads. Current histograms (Figs. [9] [10] [11] indicate that the linear model with the mean of 1.0 and standard deviation (std. dev.) of 0.037 is the best model. In general, the proposed models can be considered reasonable in the estimation of loading for heating and cooling loads of the modern multistory buildings in Duhok City. 
CONCLUSIONS
Three mathematical models were formulated in present investigation, namely, multiple regression linear, regression nonlinear and fuzzy models to predict the heating and cooling loads of common buildings in Duhok City, north of Iraq. Four types of constructional materials used in walls, area of building and number of storeys were considered in current mathematical formulations. According to this mathematical modeling, it is concluded that all the mathematical models to predict the heating and cooling loads of the buildings in Duhok City were valid. The results showed also that linear equations provide higher correlation than the other models with the exact analytical solution outcomes. In addition, best quality of statistical models was achieved via the proposed linear equations with respect to AIC criteria.
